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INTRODUCTION 

ACIRL is  engaged i n  a n  A u s t r a l i a n  Government suppor ted  program of r e s e a r c h  
i n t o  t h e  hydrogenat ion of  A u s t r a l i a n  c o a l s  u s i n g  known hydrogenat ion  
technology,  p r i n c i p a l l y  t h a t  be ing  developed i n  West Germany, as d e s c r i b e d ,  
f o r  example, by Romey e t  a l l .  
be cons idered  s e v e r e  w i t h  p r e s s u r e s  around 30-40 MPa, tempera tures  up t o  475°C 
f o r  h i g h e r  rank  c o a l s  and added i r o n  c a t a l y s t s .  
e f f e c t  of s o l v e n t  o r  v e h i c l e  composi t ion on hydrogenat ion  y i e l d s  may be 
overshadowed by t h e  h i g h  donor a c t i v i t y  of  d i s s o l v e d  hydrogen a t  h i g h  
p r e s s u r e s  and tempera tures .  However, o p e r a t i o n  a t  h i g h  p r e s s u r e s  imposes c o s t  
p e n a l t i e s  a t  bo th  commercial and r e s e a r c h  s c a l e s .  For t h i s  r e a s o n  a l l  o u r  
work t o  d a t e  has  been done a t  more moderate s e v e r i t y ,  namely, 2 1  MPa and 
cor respondingly  reduced tempera tures  i n  t h e  range 400-435°C t o  avoid  e x c e s s i v e  
s o l v e n t  v a p o r i z a t i o n  i n  t h e  p r e h e a t e r  and r e a c t o r  zones. Our moderate 
s e v e r i t y  experiments  have provided t h e  base  c a s e  d i s t i l l a t e  o i l  y i e l d  d a t a  f o r  
t h r e e  main groups of impor tan t  A u s t r a l i a n  c o a l s  cons idered  s u i t a b l e  f o r  
hydrogenat ion ranging  i n  rank  from l i g n i t e  (brown c o a l )  t o  h i g h  v o l a t i l e  
bituminous. Under moderate  s e v e r i t y  t h e  e f f e c t s  of s o l v e n t  composi t ion and 
hydrogen p a r t i a l  p r e s s u r e  may be of about  e q u a l  importance.  Hence it was 
cons idered  necessary  t o  s tudy  t h e  composi t ion of r e c y c l e  s o l v e n t  d u r i n g  a c t u a l  
hydrogenat ion runs  w i t h  A u s t r a l i a n  c o a l s .  

The c o n d i t i o n s  used by t h e  West Germans would 

Under t h e s e  c o n d i t i o n s  t h e  

EXPERIMENTAL 

The 1 kg/h s l u r r y  cont inuous  r e a c t o r  used i n  t h i s  s t u d y  and hydrogenat ion  d a t a  
o b t a i n e d  have been r e p o r t e d  i n  ACIRL I n  t h i s  s t u d y ,  s u c c e s s i v e  
samples  of s l u r r y  o i l  ( r e c y c l e  s o l v e n t )  were taken  o v e r  t h r e e  cont inuous  runs  
l a s t i n g  a t o t a l  of 440 hours .  The c o a l  was Queensland sub-bituminous 
( l i g n i t i c ) ,  p rocess  s e v e r i t y  21 MPa, 430°C p r e h e a t e r ,  415°C r e a c t o r ,  f i r s t  
f o u r  passes  run  wi thout  added c a t a l y s t  then  subsequent  p a s s e s  w i t h  added r e d  
mud 3-5% on c o a l  and s u l f u r  1% on c o a l  fo l lowed by a p r o p r i e t a r y  improved r e d  
mud, hydrogen/coal  f e e d  r a t i o  18/100 and s o l v e n t l c o a l  r a t i o  2/1. The r e a c t o r  
was a 3-compartment p a r t i a l  backmix r e a c t o r .  S l u r r y  r e s i d e n c e  t i m e  i n  t h e  
r e a c t o r  was e s t i m a t e d  a t  about  2-3 hours  but  t h i s  could  not  be  a s c e r t a i n e d  
w i t h  c e r t a i n t y  i n  t h e s e  runs.  The a n a l y s i s  of t h e  c o a l  used  i n  t h e s e  r u n s  i s  
g i v e n  i n  Table 1. 

Recycle  s o l v e n t  w a s  recovered  by a tmospher ic  p l u s  vacuum d i s t i l l a t i o n  of 
3-4 kg ba tches  of product  s l u r r y  i n  l a b o r a t o r y  g lassware  and used t o  make up 
f r e s h  s l u r r y  w i t h  c o a l  and added c a t a l y s t .  
t a k e n  as product .  

Samples of s u c c e s s i v e  s o l v e n t  ba tches  ( i . e . ,  a t  every  d i s t i l l a t i o n  of 3-4 kg 
product  s l u r r y )  were ana lysed  by i n f r a  r e d  s p e c t r o s c o p y ,  GC-MS, t i t r i m e t r y ,  
etc. The GC-MS (DuPontd DP-1) used a 47 m SCOT column (OV-101 on Chromosorb 
W) and a tempera ture  program of  35-270°C a t  2.61 Wmin. Mass percentages  of 
t h e  s i g n i f i c a n t  components i d e n t i f i e d  were e s t i m a t e d  from f lame i o n i z a t i o n  

P a r t  of t h e  r e c y c l e  s o l v e n t  w a s  
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d e t e c t o r  responses .  P o r t i o n s  o t  t h e  s o l v e n t  samples  were a l s o  t i t r a t e d  t o r  
t o t a l  p h e n o l i c s  and n i t r o g e n  bases .  F u l l e r  d e t a i l s  of t h i s  p a r t  of our  
o v e r a l l  s t u d i e s  are g i v e n  by Oliver'. 

RESULTS AND D I S C U S S I O N  

Figure  1 shows the  c a t a l y s t  a d d i t i o n  schedule  and cor responding  d i s t i l l a t e  
y i e l d s  t o g e t h e r  wi th  t h e  v a r i a t i o n  i n  s o l v e n t  a r o m a t i c  hydrogen c o n t e n t .  
t h a t  t h e  c a t a l y s t  used i n  t h e  l a s t  5-6 passes  was a p r o p r i e t a r y  improved 
p r e s u l f i d e d  red  mud. The e f f e c t s  of red  mud and changing r e d  mud on 
d i s t i l l a t e  y i e l d  are very clear. Red mud i n c r e a s e d  t h e  degree  of 
hydrogenat ion of c o a l - d e r i v e d  material as shown i n  F i g u r e s  1 and 2. 'he 
r e l a t i v e  a r o m a t i c  hydrogen c o n t e n t  (F igure  1) .  F igure  1 shows t h a t  t h e  
r e l a t i v e  a r o m a t i c  hydrogen c o n t e n t  (es t imated  from i n f r a - r e d  s p e c t r a )  which 
remained s t a b l e  from t h e  2nd t o  t h e  4 t h  p a s s  and t h e n  a b r u p t l y  decreased  a f t e r  
t h e  4 th  pass .  This i n d i c a t e s  t h a t  more hydrogen is t a k e n  up by t h e  s o l v e n t  
and t h e  coa l -der ived  o i l s  when c a t a l y s t  is added. 

The p a r t i c u l a r  c o a l  used i n  t h e  s o l v e n t  composi t ion s t u d y  conta ined  a h i g h  
p r o p o r t i o n  of e x i n i t e  which produced n o t i c e a b l e  q u a n t i t i e s  of waxes and 
p a r a f f i n s .  A l l  u n s a t u r a t e s  were expec ted  t o  be  hydrogenated t o  s a t u r a t e s  a t  
o u r  c o n d i t i o n s  and t h i s  was confirmed by chemical  a n a l y s i s .  P a r a f f i n s  
g r a d u a l l y  accumulated w i t h  s u c c e s s i v e  p a s s e s  of s o l v e n t  as shown i n  F igure  2. 

The r a t e  of i n c r e a s e  i n  p a r a f f i n s  c o n t e n t  r o s e  from 0.6% p e r  p a s s  t o  1.2% per  
p a s s  j u s t  a f t e r  t h e  4 t h  p a s s  when c a t a l y s t  was added. 

The p a r a f f i n  c o n t e n t  of e q u i l i b r a t e d  r e c y c l e  s o l v e n t  used w i t h  t h i s  p a r t i c u l a r  
c o a l  appeared t o  l i n e  o u t  a t  around 20-25%. As we always made more s o l v e n t  
t h a n  was r e q u i r e d  t o  m a i n t a i n  s o l v e n t  ba lance ,  p a r t  of t h e  s o l v e n t  could  be 
regarded as product .  Accordingly,  t h e  b u i l d  up of  p a r a f f i n s  could  i n d i c a t e  
that  t h i s  p a r t i c u l a r  c o a l  may be a s u i t a b l e  f e e d s t o c k  f o r  d i e s e l  f u e l  
product ion.  
l ined-out  r e c y c l e  s o l v e n t  is given  i n  Table  2. 

Phenol ics  and n i t r o g e n  b a s e s  i n  t h e  r e c y c l e  s o l v e n t  a l s o  s t a b i l i s e d  a f t e r  4-5 
passes  as shown i n  F i g u r e  2. From t h e s e  d a t a ,  it appears  t h a t  t h e  a d d i t i o n  of 
catalyst  h a s  l i t t l e  i f  any e f f e c t  on  t h e  accumula t ion  of  e i t h e r  p h e n o l i c s  o r  
n i t r o g e n  b a s e s  probably i n d i c a t i n g  t h a t  t h e  format ion  of both  t h e s e  classes of 
compounds is independent  of  c a t a l y s t .  

F igures  1 and 2 a l s o  show t h a t  t h e  r e c y c l e  s o l v e n t  e q u i l i b r a t e d  a t  about  10-15 
p a s s e s ,  a l t h o u g h  some groups of compounds were observed t o  s t a b i l i s e  i n  2-4 
passes .  

Hydrogen ba lance  d a t a  from t h i s  series of runs  and e l e m e n t a l  a n a l y s e s  of t h e  
s o l v e n t  samples  i n d i c a t e d  t h a t  t h e  hydrogen uptake  d e c l i n e d  from about  1% w t  
of t h e  s o l v e n t  p e r  p a s s  t o  n e g l i g i b l e  uptake  a t  e q u i l i b r i u m .  

The a n a l y s i s  of t h e  e q u i l i b r a t e d  s o l v e n t  by compound groups  was 30% a r o m a t i c s ,  
21% hydroaromatics ,  19% p h e n o l i c s ,  23% p a r a f f i n s  and 7% o t h e r  components. 
From these  d a t a  a l o n e  t h e  hydrogen donor power of  t h e  s o l v e n t  cannot  be 
determined.  
p r e s s u r e s  on A u s t r a l i a n  c o a l s  is planned t o  be done i n  b a t c h  a u t o c l a v e s  and 
mini autoc laves .  

Note 

The d i s t r i b u t i o n  of p a r a f f i n s  by l e n g t h  of carbon c h a i n  l e n g t h  i n  

F u r t h e r  work w i t h  r e c y c l e  s o l v e n t s  a t  d i f f e r e n t  hydrogen p a r t i a l  
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CONCLUSIONS 

1. Iron-based c a t a l y s t s  are necessary  t o  e n s u r e  h igh  y i e l d s  of hydrogenat ion  
d i s t i l l a t e  l i q u i d s  from A u s t r a l i a n  c o a l s .  

2. Iron-based c a t a l y s t s  i n c r e a s e  t h e  p r o p o r t i o n  of s a t u r a t e d  compounds i n  
both  product  o i l s  and r e c y c l e  s o l v e n t  bu t  d o  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  
formation o r  d i sappearance  of  phenols  and n i t rogen-bases .  

Natura l  r e c y c l e  s o l v e n t  e q u i l i b r a t e s  s u b s t a n t i a l l y  w i t h i n  about  2-4 p a s s e s  
and almost  d e f i n i t e l y  w i t h i n  10-15 passes .  

3. 
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TABLE 1 

ANALYSIS OF COAL USED I N  RECYCLE SOLVENT EQUILIBRATION STUDY 

PROXIMATE ANALYSIS 
( %  as ana lysed)  

Mois ture  
Ash 8.3  
V o l a t i l e  Matter 
Fixed Carbon 

ULTIMATE ANALYSIS 
( %  d a f )  

Carbon 
Hydrogen 
Ni t rogen  
Sulphur  
Oxygen + e r r o r s  

PETROGRAPHIC ANALYSIS 
(% Volume) 

V i t r i n i t e  
E x i n i t e  
I n e r t i n i t e  
Mineral  Matter 
V i t r i n i t e  R e f l e c t a n c e  (Ro max) X 

7.6 

42.7 
41.4 

77.0 
5.9 
1.0 
0.4 

14.9 

68 
21 

7 
4 
0.38 

TABLE 2 

PARAFFIN DISTRIBUTION I N  LINED-OUT RECYCLE SOLVENT 

Carbon Chain 
Length 

0 - 10 
10 - 12 
13 - 16 
17 - 20 
2 1  - 25 
26 - 29 
30 +- 
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Approximate Percentage  of 
T o t a l  P a r a f f i n s  

1 
4 

22 
25  
30 
18 

< 0 . 3  



b 

I 

I 

! . .  - 
L 

+ 

I 
I 
I 
I 

I 
I 

I 

I 

t 

+ 

I 

+ 

A I 
T I 

c ._I 15 

FIGURE 1 .  E f f e c t  of r e d  mud on d i s t i l l a t e  y i e l d  and s o l v e n t  a r o m a t i c i t y  
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